Objective: To determine the clinical features and clinical outcomes of Korean adults treated surgically for choledochal cyst.
plex type (17.1%). Biliary tract malignant tumor was associated in 80 patients (9.9%); 40 had bile duct cancer (50.0%), 35 had gallbladder cancer (43.8%), 3 had periampullary cancer, and 2 had synchronous gallbladder and bile duct cancer. Twenty-two patients (26.3%) had a recurrence, with a median follow-up duration of 51.8 months. Factors predicting malignant tumor by univariate analysis were age more than 40 years, the absence of a gallstone, elevated carcinoembryonic antigen or cancer antigen 19-9 serum level, and the presence of anomalous pancreaticobiliary ductal union, and by multivariate analysis, an elevated cancer antigen 19-9 level.
Conclusions: Associated biliary malignant tumor should always be considered in patients with choledochal cyst, especially in aged patients or patients with anomalous pancreaticobiliary ductal union or an elevated tumor marker level. Lifelong follow-up is needed even after complete cyst excision because of the risk of the development of a metachronous biliary malignant tumor.
Arch Surg. 2011; 146(10) : [1178] [1179] [1180] [1181] [1182] [1183] [1184] C HOLEDOCHAL CYST IS A relatively rare disease in the West, and thus most cases have originated from Asia. Furthermore, for unknown reasons, more than half of the reported cases have occurred in Japanese patients. 1 At least 60% of patients are diagnosed during the first decade of life, but 20% remain undiagnosed until adulthood. [1] [2] [3] [4] [5] [6] [7] Because of noninvasive hepatobiliary imaging improvements, adults with choledochal cyst are being increasingly encountered, and today up to 70% of all patients reported are adults. [8] [9] [10] [11] [12] Although a few world literature reviews [1] [2] [3] [4] [5] [6] have been issued, to our knowledge, no nationwide data on adult patients have been reported in Japan or in other countries. Therefore, the Korean Pancreas Surgery Club undertook this nationwide multicenter study, which involved 15 university hospitals, to determine the clinicopathologic features and the long-term results of surgically treated adult patients with choledochal cyst.
METHODS
The design of this study was prepared by the scientific committee of the Korean Pancreas Surgery Club. A workshop was held on January 17, 2009 , to approve the study design and to agree on a questionnaire. Subsequently, a nationwide survey was undertaken by 15 university hospitals (tertiary care referral centers) located in all 7 Korean provinces. Members of the Korean Pancreas Surgery Club were required to complete a questionnaire and a case registration form for each patient aged 18 years or older who underwent surgery for choledochal cyst from January 1, 1990, through December 31, 2007. Clinicopathologic findings and long-term follow-up results were ana-lyzed as determined by the Korean Pancreas Surgery Club. This retrospective study conformed to the ethical guidelines of the Declaration of Helsinki. The investigational review board or ethics committee at each institute approved the study.
Choledochal cyst was defined using the Todani-modified Alonso-Lej classification system. 4, 7 Anomalous pancreaticobiliary ductal union (APBDU) was defined as a union of the common bile duct and pancreatic duct outside the duodenum, and the Japanese Study Group classification of pancreaticobiliary maljunction 13 was used to describe the junction type. Briefly, the choledochal (or right-angle) type involves the common bile duct joining the pancreatic duct, whereas the pancreatic (or acute-angle) type involves the pancreatic duct joining the choledochus. The complex type involves complicated union of the pancreaticobiliary ductal system.
Continuous data are expressed as mean (SD). Categorical variables were compared using the Pearson 2 test and continuous variables using the t test. A logistic regression model was used to identify factors predicting a coexistent biliary malignant cyst. All parameters with P Ͻ .05 by univariate analysis were included in the multivariate model. Survival was calculated using the Kaplan-Meier method, and the log-rank test was used to analyze differences. Statistical analyses were performed using SPSS, version 13.0 (SPSS Inc, Chicago, Illinois).
RESULTS

DEMOGRAPHIC CHARACTERISTICS AND CLINICAL PRESENTATION
Eight hundred eight patients were included in this study. Table 1 shows patient proportions with respect to APBDU and the Todani classification. No significant difference between the prevalence of type I and that of type IVa was observed in those with and without APBDU or according to the types of APBDU.
SURGICAL OUTCOMES
Seven hundred forty-two patients (91.8%) underwent cyst excision, and 38 patients (4.7%) underwent only cystoenterostomy. Twenty-three patients underwent hepatectomy more than sectionectomy. Of these 23 patients, 17 had type IVa and 2 had type V; all 19 underwent hepatectomy because of associated intrahepatic complications, such as intrahepatic duct stone or parenchymal atrophy. Three patients underwent hepatectomy because of extension of bile duct cancer into the hilar bile duct and 1 patient because of advanced gallbladder cancer. One hundred four patients (12.9%) experienced a postoperative morbidity, and intra-abdominal abscess was the main complication (41 [39.4%]). Two patients died of sepsis within 1 month of surgery, an operative mortality rate of 0.2%.
BILIARY MALIGNANT TUMORS
Eighty patients (9.9%) presented with choledochal cyst associated with biliary malignant tumors. The male to female ratio of these 80 patients was 1:3.0, and their mean (SD) age at diagnosis was 50 (12) years (range, 21-82 years). The incidence of biliary malignant tumors was found to differ by age. Our data showed that the risk of a biliary malignant tumor increased from 1.3% in the 
LOCATION
Of the 80 patients with choledochal cyst associated with biliary malignant tumors, cancer of the extrahepatic bile duct was present in 39 (48.8%), cancer of the intrahepatic bile duct in 1 (1.3%), and cancer of the gallbladder in 35 (43.8%). Two patients had concurrent gallbladder and extrahepatic bile duct cancer. Of these 2 patients, one was a 54-year-old woman with a type Ia choledochal cyst and APBDU of the pancreatic type who underwent pancreatoduodenectomy. Results of the pathologic examination conducted after surgery showed that the gallbladder tumor was limited to the muscle layer Abbreviations: APBDU, anomalous pancreaticobiliary ductal union; BD, bile duct; C-P, choledochal type; GB, gallbladder; P-C, pancreatic type.
ARCH SURG/ VOL 146 (NO. 10), OCT 2011 WWW.ARCHSURG.COM 1180 (T1b), but that the extrahepatic bile duct tumor had invaded the pancreas (T3) and metastasized to the lymph nodes (N1). This patient remained alive for 43 months after surgery without evidence of recurrence. The other patient was a 62-year-old woman with a type Ia choledochal cyst and choledochal type APBDU. The Whipple operation was performed, and pathologic examination findings after surgery showed the gallbladder tumor had perforated serosa (T3) and that the extrahepatic bile duct tumor had invaded the pancreas (T3) and metastasized to the lymph nodes (N1). Eleven months after initial surgery, there was recurrence at the abdominal wall that extended to the transverse colon. Right hemicolectomy was performed, and the patient has been followed up for 10 months without any evidence of recurrence.
OPERATION
Surgery was performed on 78 of the 80 patients. The other 2 patients had an unresectable status at diagnosis and were treated by chemotherapy and concurrent chemoradiation therapy. Curative resection was performed in 58 of the 78 patients (74.4%). Details of the operations are provided in Table 2 . Interestingly, significantly more patients with gallbladder cancer underwent curative resection than patients with bile duct cancer (P= .004).
METACHRONOUS CARCINOMA
Of the 80 patients with a malignant tumor, 74 were found to have a neoplasm at initial laparotomy. The other 6 (7.5%) developed metachronous carcinomas. The treatment and outcomes of these 6 patients with metachronous carcinomas are summarized in Table 3 . Of the 38 patients who underwent cystoenterostomy and who were followed up, extrahepatic bile duct cancer occurred in 2 (5.3%), and of the 668 patients without a biliary malignant tumor who underwent cyst excision, biliary cancer developed in 4 (0.6%) during follow-up. Metachronous biliary malignant tumor occurred more frequently after cystoenterostomy than after cyst excision (P = .03). The median interval from initial operation to cancer development was 51.5 months.
TYPE OF CHOLEDOCHAL CYST AND LOCATION OF MALIGNANT TUMORS
Significantly more patients classified with type IVa had bile duct cancer and significantly more patients classified with type I had gallbladder cancer (P=.03) ( Table 4) . Furthermore, APBDU was more frequently associated with gallbladder cancer than with bile duct cancer (P=.03). No significant difference was observed between patients with bile duct cancer and those with gallbladder cancer in terms of APBDU type.
STAGE AND SURVIVAL
According to the AJCC Cancer Staging Manual (7th edition), 14 approximately 60% of all patients with biliary malignant tumor had stage I or II, and this was similar for patients with bile duct cancer or gallbladder cancer ( Table 5 ). The overall 5-year survival rates of patients with bile duct cancer or gallbladder cancer were 39.9% and 61.2%, respectively (Figure, A) . The 5-year survival rates of stage I and stage II bile duct cancer were 75.0% and 7.7%, respectively (Figure, B) , and the 5-year survival rates of stage I, II, and III gallbladder cancer were 100%, 71.0%, and 44.4%, respectively (Figure, C) . Median follow-up duration was 51.8 months, and recurrence developed in 22 patients (26.3%). Systematic recurrence (14 [61.9%]) was more common than local recurrence ( Table 6) .
COMPARISON OF PATIENTS WITH CHOLEDOCHAL CYST AND BILIARY MALIGNANT TUMOR WITH PATIENTS WITH CHOLECDOCHAL CYST ONLY
Univariate analysis showed that an age of more than 40 years (PϽ .001), the absence of cholelithiasis (P =.09), a preoperative serum carcinoembryonic antigen level greater (2 patients), and para-aortic lymph node meta (1 patient). b Seeding (1 patient), liver meta (1 patient), and para-aortic lymph node meta (1 patient). c Seeding (2 patients) and liver meta (1 patient).
ARCH SURG/ VOL 146 (NO. 10), OCT 2011 WWW.ARCHSURG.COM 1181 than 0.05 ng/mL (to convert to micrograms per liter, multiply by 1.0) (P = .01), a preoperative serum cancer antigen 19-9 level greater than 37 U/L (PϽ.001), and the presence of APBDU (P=.03) were significantly associated with a choledochal cyst with a biliary malignant tumor. However, by multivariate analysis, a preoperative serum cancer antigen 19-9 level greater than 37 U/L (P = .001) was the only significant factor.
COMMENT
Choledochal cyst is a recognized surgical problem usually related to infancy and childhood. However, because of improvements in noninvasive hepatobiliary imaging, adult patients are being increasingly encountered, and the number of series conducted recently on children and adults confirms this trend. 11, 12, 15, 16 However, this is likely to be an apparent increase due to the popularity of routine check-ups and imaging improvements. Adult patients with a choledochal cyst raise 2 additional considerations, namely, the presence of an associated biliary malignant tumor and delayed complications, such as a biliary stone. However, in this study, the mean follow-up period of patients without a biliary malignant tumor was 39 months, which is too short to allow analysis of benign delayed complications after surgery. Therefore, we focused on biliary malignant tumors associated with choledochal cyst.
Reported incidences of cancer associated with a primary choledochal cyst range from 2.5% 17 to 26%. 17 However, most cases have been reported in Japan, and the incidence of such cancer in Japan, 19 according to the Japanese Study Group on Pancreaticobiliary Maljunction, is 16.2%, which was calculated from a population of patients with APBDU with or without a choledochal cyst. Accordingly, this incidence is higher than the incidence based on patients with a choledochal cyst only, because the incidence of cancer in patients with APBDU but without a choledochal cyst is much higher than that in patients with a cyst.
It is widely known that cholangiocarcinoma is the most common malignant tumor associated with choledochal cyst. Reviews of cases 1, [18] [19] [20] have shown that 70% to 90% of patients had bile duct cancer, whereas in our cohort, only 44% of patients had gallbladder cancer. Recently, a Japanese nationwide survey 13 reported that 34% of patients with a choledochal cyst have bile duct cancer and that 65% have gallbladder cancer. However, Japanese data on choledochal cyst were based on patients with APBDU. Therefore, the incidence of gallbladder cancer is much higher than previously reported 1, [18] [19] [20] because most patients with APBDU are known to have gallbladder cancer.
Development of biliary malignant tumor after cyst excision is uncommon. A literature review 21, 22 revealed 33 reported cases, and of these, 16 (47.1%) were type IVa and 9 (26.5%) were type I. The most common site of involvement was the hepatic duct at or near choledochoenteric anastomosis (13 [38.2%]), followed by the intrahepatic duct (11 [32.4%] ) and distal choledochus (7 [20.6%]), and the mean (SD) time between cyst excision and cancer detection was 9.0(5.5) years (range, 1-19 years). In the present study, the incidence of cancer development after cyst excision was 0.6%. Although the incidence of cancer after cyst excision was higher than that of biliary cancer in the general population, it was much lower than that of cancer in patients with a primary choledochal cyst (9.9%), which indicates that complete cyst excision effectively reduces malignant transformation in the biliary tree. However, lifelong follow-up is required even after complete cyst excision.
The prognosis for patients with cholangiocarcinoma arising from a choledochal cyst is as grim as for cholangiocarcinoma in general, [23] [24] [25] with a reported median survival of 6 to 21 months. 8, 17, 26 The reason for this poor prognosis is believed to be a resectability rate of less than 10%. 27 However, in the present study, approximately 60% of patients were classified as stage I or II, and 70% of patients underwent curative resection. As a result, the 5-year survival rates of patients with cholangiocarcinoma arising from a choledochal cyst in stage Ia, Ib, and IIa bile duct cancer were 90.4%, 40.0%, and 25.1%, respectively, and this was comparable with that of patients with cholangiocarcinoma in general. However, palliative resection was performed for 4 of the 9 patients in stage IIb, and these 4 plus the other 2 patients with T3 experienced early recurrence less than 12 months after operation. For this reason, the patients in stage IIb had poor survival. Although little is known about the prognosis for patients with gallbladder cancer arising from a choledochal cyst, as in cholangiocarcinoma, it is thought to be similar to that of patients with primary gallbladder cancer.
We summarize the results of our nationwide multicenter survey as follows. Todani type I (68.2%) and IVa (28.4%) were the 2 most common types, APBDU was present in 71.4% of patients, and the choledochal type (62.3%) was most common. Biliary malignant tumor was detected in 80 patients (9.9%). Forty patients (50.0%) had bile duct cancer and 35 (43.8%) had gallbladder cancer. Six patients (7.5%) had metachronous carcinoma, after cystenterostomy in 2 and after cyst excision in 4. Curative resection was possible in 58 patients (74.4%). The overall 5-year survival rate of patients with gallbladder cancer was 61.2% and that of patients with bile duct cancer was 39.9%. Factors predicting malignant tumors by univariate analysis were an age of more than 40 years, the absence of a gallstone, elevated carcinoembryonic antigen and cancer antigen 19-9 serum levels, and the presence of APBDU. However, only an elevated serum cancer antigen 19-9 level predicted the development or the presence of a malignant tumor by multivariate analysis.
In conclusion, an associated biliary malignant tumor should always be considered in patients with a choledochal cyst, particularly when patients are elderly or have APBDU or elevated tumor markers. Lifelong follow-up is needed, even after complete cyst excision, because of the risk of development of a metachronous biliary malignant tumor.
